Oxidative stress and protease dysfunction in the yeast model of Friedreich ataxia.
Friedreich ataxia has frequently been associated with an increased susceptibility to oxidative stress. We used the yeast (Saccharomyces cerevisiae) model of Friedreich ataxia to study the physiological consequences of a shift from anaerobiosis to aerobiosis. Cells lacking frataxin (Deltayfh1) showed no growth defect when cultured anaerobically. Under these conditions, a significant amount of aconitase was functional, with an intact 4 Fe/4 S cluster. When shifted to aerobic conditions, aconitase was rapidly degraded, and oxidatively modified proteins (carbonylated and HNE-modified proteins) accumulated in both the cytosol and the mitochondria. The ATP-dependent mitochondrial protease Pim1 (Lon) was strongly activated, although its expression level remained unchanged, and the cytosolic activity of the 20S proteasome was greatly decreased, compared to that in wild-type cells. Analysis of the purified proteasome revealed that the decrease in proteasome activity was likely due to both direct inactivation of the enzyme and inhibition by cytosolic oxidized proteins. These features indicate that the cells were subjected to major oxidative stress triggered by oxygen. Accumulation of oxidatively modified proteins, activation of Pim1, and proteasome inhibition did not directly depend on the amount of mitochondrial iron, because these phenotypes remained unchanged when the cells were grown under iron-limiting conditions, and these phenotypes were not observed in another mutant (Deltaggc1) which overaccumulates iron in its mitochondrial compartment. We conclude that oxygen is primarily involved in generating the deleterious phenotypes that are observed in frataxin-deficient yeast cells.